INTRODUCTION
W ith the elevating of living standards, the incidence of diabetes is increasing in both developed and developing countries. Diabetic retinopathy (DR) is one of the most common and serious microvascular complications of diabetes mellitus (DM), and vison loss due to DR has become a major cause of blindness in adult [1] [2] . The pathogenesis of DR is generally divided into two stages including nonproliferative diabetic retinopathy (NPDR) and proliferative diabetic retinopathy (PDR) according to the international clinical DR disease severity scale [3] . In the early NPDR stage, an increase in vasopermeability due to blood-retinal barrier (BRB) breakdown is a key factor for diabetic macular edema (DEM), which will lead to considerable vision loss in diabetic patients [4] [5] . Moreover, NPDR will further progress into PDR, and retinal angiogenesis occurs in this later stage, which will cause vitreous hemorrhage, traction retinal detachment, and finally vision loss [2] . It has been reported that inflammation plays an important role in regulating the development of DR, and DR is generally considered as an inflammatory disease [6] . A variety of reports demonstrated the increased adhesion of leukocytes to retinal vessels in diabetic animals, and the levels of various proinflammatory cytokines were increased in the retina and vitreous in diabetes attributed to the activation of proinflammatory transcriptional factors including nuclear factor kappa B (NFκB) [7] [8] [9] [10] [11] . Such increased leukostasis and the elevated pro-inflammatory cytokines and other growth factors will contribute to the breakdown of BRB, which is the early key event in the development of DR [7] [8] [9] . By using pharmacologic inhibitors or anti-inflammatory agents to inhibit the production of inflammatory mediators, some therapeutic approaches have been identified that obviously attenuated the development of DR, especially the early stage of DR [11] [12] .
Recently, some traditional Chinese medicines or formulas have been reported to attenuate DR by inhibiting inflammation, such as Dang-Gui-Bu-Xue-Tang (an aqueous extract of Radix astragali, Angelica sinensis and Panax notoginseng) [13] , Rhodiola sachalinensis (Gaoshan Hongjingtian) [14] , and Dendroboum chrysotoxum Lindl [15] . Herba Scutellaria barbata (SE), named Ban-Zhi-Lian in Chinese, is the dried whole plant of Scutellaria barbata D. Don. (Labiatae). It has been used as a drug for clearing away heat and toxic materials, promoting blood circulation and removing blood stasis, and reducing swelling and alleviating pain for thousands of years in China. Modern pharmacological studies demonstrated that S. barbata had a variety of activities including anti-cancer, anti-angiogenesis, anti-inflammation, anti-complement, and antioxidant [16] [17] [18] [19] [20] . In this study, we aimed to observe whether the ethanol extract of SE can attenuate NPDR in streptozotocin (STZ)-induced diabetic mice by inhibiting retinal inflammation and restoring the decreased expression of tight junction (TJ) proteins. At 1mo after the injection of STZ, the mice were orally given with SE (100, 200 mg/kg, intragastric administration) for 1 consecutive month. At 2mo after the injection of STZ, the mice were anesthetized by sodium pentobarbital (30 mg/kg, i.p.), the blood samples were taken from the abdominal aorta, and the eyes were removed immediately. The body weight was monitored and the concentration of blood glucose was determined by Glucometer (Accu-Check Performa Nano, Roche Diagnostics, Germany) during the whole experimental process. Evans blue permeation assay BRB breakdown was evaluated as described in our previously published papers [15, 21] . In brief, mice were injected with 2% Evans blue (10 μL/g, i.p.) in phosphate buffered saline (PBS), and blood was extracted through the left ventricle at 2h after injection. The mice were further perfused with PBS to completely remove the Evans blue dye in vessels. Retinas were carefully dissected and the weight was determined after thoroughly drying. Next, the retinas were incubated in 120 μL formamide for 18h at 70 ℃ to extract Evans blue dye. The extract was centrifuged twice at 10 000× g for 1h at 4℃ , and the absorbance was determined at 620 nm. The concentration of Evans blue dye in the extracts was calculated using a standard curve of Evans blue dye in formamide and then normalized to the dried retinal weight. Real-time polymerase chain reaction analysis Total RNA in retinas was isolated by using Trizol reagent, and the RNA content was determined by measuring the optical density at 260 nm. cDNA was synthesized according to the instruction described in the kits. Real-time polymerase chain reaction (RT-PCR) was performed by using kits, and the relative expression of target genes was normalized to actin, analyzed by the 2 -ΔΔCt method and given as ratio compared with the control. The primer sequences used in this study are shown in Table 1 . Western-blot analysis Cytosolic and nuclear proteins in retinas were isolated as described in NE-PER nuclear and cytoplasmic extraction kits. After centrifugation, protein concentration of the resulting supernatants was determined. The protein concentration in each sample was normalized to the equal protein concentration. The protein samples were subjected to SDS-PAGE and then electrophoretically transferred onto an immobilon-P PVDF membrane (Millipore). The membranes were incubated with primary and secondary antibodies. Immunoblots were visualized using a chemiluminescent reagent. The grey densities of the protein bands were normalized by using β-actin or Lamin B1 density as an internal control, respectively. Enzyme-linked immunosorbent assay analysis The whole blood was centrifuged at 3000 rpm, 4℃ for 15min, and serum was collected for ELISA analysis as described in kits. Immunofluorescence staining Paraffin-embedded sections of retinas (5 mm) were de-paraffinized in xylene, and rehydrated in an ethanol gradient with distilled water. Retinas were incubated with 5% bovine serum albumin to minimize non-specific binding after endogenous peroxidase activity was quenched. After rinsing three times, retinas were incubated with Iba1 antibody at 4 ℃ overnight, and further incubated with Alexa fluor 488 goat anti-rabbit IgG (H+L) antibody at room temperature for 1h. After rinsing three times again, retinas were incubated with DAPI for 10min, and images were captured under an inverted microscope (IX81, Olympus, Japan). High performance liquid chromatography analysis Analysis was performed on a prominence high performance liquid chromatography instrument (HPLC; Agilent) equipped with auto-sampler, quaternary pump, column heater compartment and DAD with an on-line degasser. The sample was separated on a Sepax HP-C18 column (4.6×250 mm, 5 μm). The mobile phase consisted of methanol, water and ethylic acid (v/v/v = 35:61:4). The flow rate was 1.0 mL/min, and column temperature was set at 25 ℃ . The DAD detector monitored signals between 190 nm and 400 nm, and the on-line UV spectra were recorded at 335 nm for scutellarin. Statistical Analysis Data were expressed as means±standard error of the mean (SEM). The significance of differences between groups was evaluated by one-way ANOVA with LSD post hoc test, and P<0.05 was considered as statistically significant differences. Figure 1A , the body weight of diabetic mice was lower than that of normal control mice (P<0.001). However, there was no obvious alteration in the body weight of mice after SE treatment. Next, Figure 1B showed that blood glucose concentration in diabetic mice was higher than that in normal control mice (P<0.001). Also, SE had no much effect on blood glucose concentration in diabetic mice. Herba Scutellaria Barbata Attenuated Blood-retinal Barrier Breakdown in Diabetic Mice As shown in Figure 2A , the increased leakage of Evans blue dye was observed in retinas from STZ-induced diabetic mice (P<0.001), indicating the increased retinal vessel leakage. After diabetic mice were treated with SE (100, 200 mg/kg), such increased retinal vessel leakage was almost totally abrogated (P<0.001). Herba Scutellaria Barbata Reversed the Decreased Expression of Tight Junction Proteins As shown in Figure 2B , retinal mRNA expression of claudin-1 and claudin-19 was decreased in STZ-induced diabetic mice (P<0.05, P<0.01), whereas SE (100, 200 mg/kg) reversed such decrease (P<0.05). Retinal mRNA expression of claudin-5 was weakly increased in STZinduced diabetic mice (P<0.05), but there was no alteration after SE (100, 200 mg/kg) treatment. Retinal mRNA expression of zonula occludens-1 (ZO-1) and occludin was not changed in STZinduced diabetic mice with or without SE treatment. Next, the results of Western-blot showed that the protein expression of claudin-1 and claudin-19 was decreased in adapter molecule 1 (Iba1) is an often used biomarker for microglia [22] . As shown in Figure 5A , 5B, Iba1 expression was increased in retinas from STZ-induced diabetic mice, whereas SE (200 mg/kg) reduced such increase (P<0.001). Next, we observed the expression of Iba1 in retinas from STZ-induced diabetic mice by using Iba1 immunofluorescence staining assay. As shown in Figure 5C , the number of Iba1-positive microglia cells was increased in ganglion cell layer (GCL) and inner plexiform layer (IPL) in retinas from STZ-induced diabetic mice than from normal control mice. Moreover, such increase was reduced in SE (100, 200 mg/kg)-treated mice. High Performance Liquid Chromatography Analysis of Herba Scutellaria Barbata Scutellarin is the main compound in SE, and it is also the chemical marker used by the Chinese pharmacopoeia for evaluating the quality of SE [23] . The chemical structure of scutellarin was shown in Figure 6A . The HPLC chromatograms and calibration curve of scutellarin were shown in Figure 6B -6D, and the HPLC results demonstrated that the amount of scutellarin in SE was 4.09%.
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DISCUSSION
The increased retinal blood vessel permeability due to the breakdown of BRB is the hallmark for NPDR, which is the early stage of DR [4] [5] . In this study, we found that SE reduced the increased BRB leakage in STZ-induced diabetic mice. This is the first study demonstrated that SE had protection against NPDR, which indicates the potential application of SE for the treatment of DR. The BRB is div ided into an inner and an outer BRB. The inner BRB is composed by TJ between retinal capillary endothelial cells and the outer BRB is formed by TJ between retinal pigment epithelial cells [4, 24] . Both inner and outer BRB TJ proteins are mainly composed of occludins, claudins, ZO proteins, and junctional adhesion molecules (JAMs) [25] .
ZO-1, occludin, claudin-1, claudin-5 and claudin-19 are the main reported BRB TJ proteins, and they are all reported to be critical for maintaining the integrity of BRB [26] . In this study, we found that the mRNA and protein expression of claudin-1 and claudin-19 was both reduced in retinas from STZ-induced diabetic mice, and such decrease was reversed by SE. The results imply that SE restored BRB dysfunction by up-regulating the expression of claudin-1 and claudin-19. However, there was no alternation in the mRNA expression of occludin and ZO-1, and retinal mRNA expression of claudin-5 was weakly increased in STZ-induced diabetic mice. A variety of reports demonstrated the reduced expression of occludin and claudin-5 in retinas from STZ-induced diabetic rats [27] [28] [29] . As for ZO-1, some reports showed the decreased expression of retinal ZO-1 [27] [28] , whereas others demonstrated that there was no alteration in retinal ZO-1 expression in STZ-induced diabetic rats [29] . However, we got the different results in STZ-induced diabetic mice in this study. We think that different species The increased interaction between leukocytes and retinal endothelial cells plays an important role in the early stage of DR, which initiates retinal inflammation and leads to the increased leukostasis and permeability of BRB [30] . ICAM-1 plays a critical role in regulating the adhesion of leukocytes to endothelial cells, and the increased ICAM-1 expression has been reported to be related with the development of DR [31] . TNF-α and IL-1β, two well-known pro-inflammatory cytokines, have also been found to be implicated in the pathogenesis of DR [32] [33] . In this study, we found that SE decreased retinal expression of ICAM-1, TNF-α and IL-1β, and also reduced the increased serum TNF-α and IL-1β levels in STZ-induced diabetic mice. All those effects will contribute to SE-induced the reduction in retinal leukostasis and inflammation during the development of DR.
Transcription factor NFκB is a key factor involved in inflammation by regulating the expression of pro-inflammatory cytokines such as TNF-α and IL-1β, and ICAM-1 [27, 34] . Next,
we observed the effects of SE on NFκB activation in retinas Previous studies have already demonstrated the activation of retinal microglia cells and its important roles in regulating retinal inflammation during the development of DR [35] . Iba1
is an often used biomarker for microglia [22] . In this study, the results of Western-blot and Iba1 immunofluorescence staining showed that SE reduced the increased activation of microglia cells in STZ-induced diabetic mice, which may contribute to its attenuation on retinal inflammation. In this study, we can see that SE (200 mg/kg) had better effect than SE (100 mg/kg) in all the experiments except in the result of serum TNF-α content. SE (100 mg/kg) restored the decreased expression of TJ proteins and weakly inhibited retinal inflammation, but did not reduce the increased retinal Iba1 expression. All these results evidenced that SE ameliorated STZ-induced DR in mice.
In conclusion, this study demonstrated that SE prevented BRB breakdown by inhibiting retinal inflammation through abrogating NFκB signaling pathway, restoring the decreased expression of TJ proteins including claudin-1 and claudin-19, and reducing the activation of retinal microglia cells. This study indicates the huge potential application of SE in the treatment of DR.
